Silkworm antitrypsin (sw-AT), which was thought to belong to serpin family, changed its behavior against denaturation after chymotryptic cleavage of a single peptide bond (Tyr-Val) two amino acids away from the reactive site for trypsin (Lys-Val). This chymotrypsin-modified sw-AT became resistant to denaturation by heat, sodium dodecyl sulfate, or guanidine hydrochloride, and this characteristic was evident in its circular dichroism spectrum. The modified sw-ATwas also indigestible by S. aureus V8 protease. These facts should indicate a structural change from a stressed, unstable state to a stable one accompanying the cleavage of the single peptide bond in sw-AT. The stabilizing factor was in part attributed to the interaction of a COOH-terminal fragment (5kDa) and an NH2-terminal one In our preceding paper4) we reported that SW-AT is easily cleaved by several proteinases other than trypsin, such as a-chymotrypsin or Achromobacter lysylendopeptidase, at another peptide bond neighboring the reactive site or at the reactive site. The amino acid sequence analysis around the reactive site can indicate the presence of sequence homology between sw-ATand serpins,5) such as a-1-proteinase inhibitor, a-1-antichymotrypsin, and antithrombin III. The most puzzling problem accompanying the cleavage of the reactive site or near this site of sw-AT is about the difficulty of dissociation into the two fragments (36kDa 139 and 5kDa) in an ordinary aqueous solution,3A) in spite of the absence of disulfide bonds in sw-AT.2) Similar characteristics were also reported with a-1-proteinase inhibitor6} and a-l-antichymotrypsin.7)
(36 kDa) in modified sw-AT.
Silkworm (Bombyx mori) larval hemolymph contains several kinds of protein proteinase inhibitors.1>2)
One of them named silkworm antitrypsin (sw-AT, Mr=41,000) inhibits bovine trypsin. In the inhibition reaction, sw-AT makes an alkali-labile bond with trypsin and the peptide bond at the reactive site in the COOH-terminal region of sw-AT is cleaved.3)
In our preceding paper4) we reported that SW-AT is easily cleaved by several proteinases other than trypsin, such as a-chymotrypsin or Achromobacter lysylendopeptidase, at another peptide bond neighboring the reactive site or at the reactive site. The amino acid sequence analysis around the reactive site can indicate the presence of sequence homology between sw-ATand serpins,5) such as a-1-proteinase inhibitor, a-1-antichymotrypsin, and antithrombin III. The most puzzling problem accompanying the cleavage of the reactive site or near this site of sw-AT is about the difficulty of dissociation into the two fragments (36kDa 139 and 5kDa) in an ordinary aqueous solution,3A) in spite of the absence of disulfide bonds in sw-AT.2) Similar characteristics were also reported with a-1-proteinase inhibitor6} and a-l-antichymotrypsin.7)
As for a-l-proteinase inhibitor, Carrell and Owen8) suggested that there is a structural change accom- , 5mMSDS with boiling for 7min. In each case, the solvent was 50mMsodium phosphate buffer, pH 7.0.
the CDspectrum of sw-AT. WhenSDSwas added to intact sw-ATsolution at pH 7.0 to a final concentration of 5 mM,the CDspectrum in the far UV region (210-250nm) changed to that with double minima (220 and 207nm) (Fig. 1A) . This change occured similarly with or without boiling for 2min. On the other hand, when chymotrypsin-modified sw-AT was treated in the same manner, no change in the CDspectrum was observed at room temperature (Fig. IB) . To obtain a spectrum indicating denaturation by SDS, boiling for at least 7min was necessary. The difference in mobility at extrapolated zero acrylamide concentration differed greatly from those obtained for standard proteins (Fig. 2) . After boiling, the abnormality disappeared. Intact sw-ATshowed normal mobility after SDS treatment even at room temperature. These results should indicate a difference in SDSbinding capacity between intact and chymotrypsin-modified sw-AT. We tried to measure the amount of SDS bound to each protein by equilibrium dialysis.12)
The binding isotherm with intact sw-AT showed a typical pattern12) with or without boiling and 1.4g of SDS bound to 1 g ofsw-AT at 2.6mM equilibrium concentration of SDS in 50mMsodium occurred even after 24hr. Above 5 m GdnHCl, negative ellipticity at 220 nm began to increase. At 5m GdnHCl, this change was analyzed as above. The plot showed a multiphasic mode of denaturation (Fig. 3B) has such a conformation, perfect restoration of the active conformation after denaturation is thought to be difficult. In Fig. 4 , CD spectra between 210 and 300 nm are shown. Even after elimination of GdnHCl by exhaustive dialysis, intact sw-ATcould not be restored to the original ellipticity value in both aromatic side chain and backbone structure regions (Figs. 4A and 4C) . In contrast to this, chymotrypsinmodified sw-AT could be nearly completely restored to an ellipticity between 210 and 300nm (Figs. 4B and 4D). These facts indicated that, in sw-AT, the active state should be somewhat stressed form as proposed in a-1-proteinase inhibitor8) and that chymotrypsinmodified sw-AT is no longer in such a stressed state.
After incubation in 6m GdnHCl for at least 72hr, gel filtration with Sephadex G-50 SF in 6m GdnHClis effective for separation of the two components in modified sw-AT (36kDa and 5kDa). However, we could only obtain the 36-kDa component until now. Isolation of the 36-kDa component was confirmed by Nonterminal amino acid sequence analysis.
3) The characteristics of the 36-kDa component against GdnHCl denaturation were investigated. First, it was indicated that after the elimination of GdnHCl by dialysis, the CD spectrum of this component showed nearly no absorbancy in the aromatic side chain region and had about half the ellipticity of chymotrypsin-modified sw-AT at 220 nm (Fig.   5 ). Second, it was shown that retreatment by 2.5m GdnHCl for 30min was sufficient to fully denature the 36-kDa component. De- T. Sasaki et al. naturation proceeded by first-order reaction kinetics with a rate constant of 1.7x lO^miir1 in 1.5m GdnHCl. These results indicated the essential contribution of the 5-kDa component to maintain an ordered structure of chymotrypsin-modified sw-AT. Since we could not yet obtain the 5-kDa component, we tried to investigate the role of the 5-kDa component instead by using a 4-kDa component of humana-1-proteinase inhibitor prepared as described by Brennan and Carrell.14) We had already found a sequence homology in these two components derived from the COOH-terminal region of each inhibitor.40 But fragments of sw-ATitself was necessary for making a stable conformation in chymotrypsin-modified sw-AT. Loebermann et al.l4) reported that, in human a-1-proteinase iunhibitor, after the cleavage of the reactive site peptide bond, the newly produced NH2-and COOH-groups existed at the opposite poles of the molecule. As for sw-AT, such crystallographic data are not available, but sw-AT, which we think homologous to serpins including a-l-proteinase inhibitor,3A) should change its structure from a stressed, unstable state to a relaxed, stable one as indicated by the change in behavior against denaturation. This change was also supported by the difference in degree of degradation by S. aureus V8 protease. As shown in Fig. 6 , intact sw-AT was digested into several smaller components. Onthe other hand, chympotrypsin-modified sw-AT was hardly digested. This fact indicates that peptide bonds suceptible to V8 protease are masked by the structural change caused by chymotryptic cleavage. Though the structural change from a stressed to a relaxed form occurs, the Stokes radii of sw-AT obtained by gel filtration before and after chymotryptic cleavage differ only by 2%. We think that the structural change is local and the key point should reside in the interaction of the COOH-terminal fragment (5-kDa) and the NH2-terminal one (36-kDa) produced by the cleavage of the Tyr-Val bond neighboring the reactive site. The local structural change is also reflected in the CD spectrum. The change in spectra reflecting backbone structure (210-250nm) hardly changed before and after the cleavage of Tyr-Val bond by a-chymotrypsin (Fig. 1), but those reflecting the conformation of the aromatic side chain (250-300 nm) drastically Fig. 6 . SDS-PAGEPattern of V8 Protease Digest. Lanes 1-5 were for intact sw-AT and lanes 6-10 for chymotrypsin-modified sw-AT. Digestion was done in 50mMNH4HCO3at 35°C for 1 hr with several reaction molar ratios (substrate: V8) as follows: lanes 1 and 6, withoutdigestion; lanes2and 7, 13: 1; lanes 3 and 8, 6.5: 1; lanes4and9, 2.6: 1; lanes 5 and 10, 1.3: 1. The indicated molecular weights were estimated by standard proteins as follows: 43 kDa, ovalbumin; 29 kDa, carbonic anhydrase; 20 kDa, soybean trypsin inhibitor; 12 kDa, cytochrome c\ 7 kDa, silkworm chymotrypsin inhibitor.
changed after cleavage of this peptide bond (Fig.  4) .
We have also observed similar changes in behavior against denaturation such as by SDS or GdnHCl for lysylendopeptidase-modified sw-AT to those for chymotrypsin-modifled SW-
AT. Lysylendopeptidase can cleave the LysVal bond4) that corresponds to the reactive site for trypsin.3) Wenow intend to clarify the sites in the 36-kDa and 5-kDa fragments interacting with each other by referring to the structure of a-1-proteinase inhibitor.14)
